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^ (54) Title: METHOD FOR MANUFACTURING HYDROPHOBIC COLLOIDAL SILICA 

® (57) Abstract: The invention relates to a new method of manufacturing colloidal silica which exhibits good dispersibility in an 
organic solvent, an organic resin, a paint containing an organic solvent or resin, or the like, is stable for a long period of time in 
a medium containing a hydrophobic organic solvent as a major component, and has a low metal ion impurity content under mild 
conditions The new method comprises the steps of taking a colloidal silica dispersed in an aqueous dispcrsanl; replacing a sub- 
stantial amount of the aqueous dispersant with one or more hydrophilic organic colvent(s); preparing hydrophobic colloidal silica 
by reacting the colloidal silica with a hydrophobizing agent; and finally replacing the liquid phase of the dispersion comprising the 
organic hydrophilic solvent with one or more hydrophobic organic solvenl(s) to obtain a hydrophobic colloidal silica dispersed in a 
hydrophobic organic solvent. 
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5 The present invention relates to a method for manufacturing 

hydrophobic colloidal silica, the silica dispersion in a hydrophobic organic solvent 
or resin and the use of the colloidal silica in organic hydrophobic solvents and 
resins. 

Several manufacturing methods are known in the art for 
10 preparing colloidal silica in which silica particles are dispersed in an organic 
solvent. For example, the following methods are disclosed. 

A first method (1) describes the manufacturing of colloidal silica 
dispersed in methanol by removing a metal ion in an aqueous silica sol by an ion 
exchanging method, mixing the aqueous silica sol with methanol and then 
15 dehydrating the mixture by concentration using an ultra filtration method 

(Japanese Patent Application Laid-open No. 167813/1990). The colloidal silica 
obtained by this process is unstable in a hydrophobic organic solvent or an 
organic resin. 

A second method (2) describes the manufacturing of an 

20 hydrophobic organosilica sol which comprises neutralizing a dispersion liquid 

comprising hydrophilic colloidal silica, a silylation reagent, a hydrophobic organic 
solvent, water, and alcohol, heating and aging the dispersion liquid and replacing 
the solvent by distillation (Japanese Patent Application Laid-open No. 
43319/1999). This method requires heating at a high temperature for a long 

25 period of time for aging and replacing the solvent. Moreover, an alkaline metal ion. 
which causes corrosion of metal wiring in electronic materials, cannot be removed 
by replacing the solvent by distillation. 

A third method (3) describes the manufacturing of a silica sol 
dispersed in an organic solvent which comprises mixing silica sol dispersed in 

30 water with an organic solvent and dehydrating the mixture by ultra filtration 

(Japanese Patent Application Laid-open No. 8614/1984). The silica sol obtained 
by method (3) does have the desired long-term dispersion stability when using a 
hydrophobic organic solvent as a dispersion medium. 

The present invention has been achieved in view of the above 

35 problems in the prior art. Specifically, an object of the present invention is to 

provide a method for manufacturing colloidal silica that exhibits good dispersibility 
in an organic solvent, an organic resin, a paint containing an organic solvent or 
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resin, is stable for a long period of time in a medium containing a hydrophobic 
organic solvent as a major component and has a small metal ion impurity content 
under mild conditions. 

The present inventors have conducted extensive studies to 
5 achieve the above object. As a result, the present inventors have found that the 
above object can be achieved by preparing hydrophobic colloidal silica by a 
method comprising the steps: 

(a) taking a colloidal silica dispersed in an aqueous dispersant 

(b) replacing a substantial amount of the aqueous dispersant with one or more 
10 hydrophilic organic solvent(s) 

(c) preparing hydrophobic colloidal silica by reacting the colloidal silica with an 
hydrophobizing agent and 

(d) replacing the liquid phase of the dispersion comprising the organic hydrophilic 
solvent with one or more hydrophobic organic solvent(s) to obtain hydrophobic 

1 5 colloidal silica dispersed in a hydrophobic organic solvent. 

Detailed description of the invention. 

Preferred embodiments of the present invention will be described in detail below. 
In the present invention an aqueous dispersant refers to a dispersant that contains 

20 water as the main component. A hydrophilic organic solvent refers to an organic 
solvent which is able to contain dissolved water to an amount of at least 12 wt% at 
20 °C and preferably can be uniformly mixed with water at 20°C in any optional 
proportion. A hydrophobic organic solvent refers to an organic solvent that is not 
able to contain dissolved water in an amount of more than 12 wt% at 20°C. The 

25 organic solvents may comprise one single organic solvent or a mixture of organic 
solvents. 

Colloidal silica is commonly kept as a stable dispersion in an 
aqueous solution. As examples of colloidal silica dispersed in an aqueous solvent 
used in the present invention, colloidal silica with a number average particle 
30 diameter, determined by a dynamic light scattering method, of 1-100 nm, solid 
content of 10-40 wt%, and pH of 2.0-6.5 is preferable. Examples of commercially 
available products include Snowtex O (manufactured by Nissan Chemical 
Industries, Ltd., number average particle diameter determined by dynamic light 
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scattering method: 7 nm, solid content: 20 wt%, pH: 2.7), Snowtex OL 
(manufactured by Nissan Chemical Industries, Ltd., number average particle 
diameter determined by dynamic light scattering method: 15 nm, solid content: 20 
wt%, pH: 2.5), and the like 
5 During the step (b) of the present invention, the aqueous dispersant is 

substantially replaced by a hydrophilic organic solvent. Preferably 80 to 99.9 % of 
the aqueous dispersant is replaced by a hydrophilic solvent. More preferably 90 
to 99.9 % of the aqueous dispersant is replaced by a hydrophilic solvent. 
Preferably the replacement of the aqueous dispersant is performed using an ultra 
10 filter membrane. Specifically, a container equipped with a pressure gauge, flow 
meter, ultra filter membrane, and circulating pump is charged with colloidal silica 
dispersed in water. The dispersant is preferably replaced using the ultra filter 
membrane while circulating the colloidal silica at a predetermined temperature 
and a predetermined circulation flow rate (or linear velocity). Preferably a part of 
15 the dispersant is removed before replacement with the organic hydrophilic solvent 
in a batch wise concentration step (by for example filtering or precipitation). The 
dispersant is replaced by diluting with a predetermined amount of a hydrophilic 
organic solvent, to prepare colloidal silica dispersed in a hydrophilic organic 
solvent with a solid content of preferably 20-50-wt% and a water content 
20 determined by the Karl Fischer method of preferably 0.1-10 wt%. If the water 
content is less than 0.1 wt%, viscosity may increase during storage. If the water 
content exceeds 10 wt%, a reaction with the hydrophobizing agent as described 
later may become nonuniform. The dilution step may be carried out batch wise 
and be repeated as many times as necessary, or it may be carried out 
25 continuously together with the removal of solvent. 

The concentration and dilution may be carried out at the same time (dilute during 
concentration) or separately depending on the operation method (for example, a 
batch method or a continuous method). It is preferable to use a method of 
performing concentration and dilution at the same time, because in that case the 
30 amount of the dilution solvent to be used in the process of the invention is small 
The amount of hydrophilic organic solvent used for dilution is preferably 1-10 kg 
for 1 kg of water of aqueous colloidal silica. 

The aqueous dispersant is preferably replaced at a temperature 
lower than the boiling point of the hydrophilic organic solvent. When using 



WO 01/55030 



PCT/NLO 1/00063 



-4 - 



methanol, which is the preferable hydrophilic organic solvent, the temperature is 
preferably 40-60°C. The circulation flow rate of the solvent converted to the linear 
velocity in the ultra filter membrane during operation is preferably 2.0-4.5 
m/second, and still more preferably 3.0-4.0 m/second, for efficiently replacing the 
5 solvent in the ultra filter membrane and for ensuring safety during operation. 
There are no specific limitations to the ultra filter membrane used in this step 
insofar as the ultra filter membrane does not cause problems due to pressure, 
temperature, and an organic solvent used during the operation. It is preferable to 
use an ultra filter membrane made of ceramics, which is not affected by 
10 temperature and pressure and exhibits superior solvent resistance. 

In the present invention, preferably an ultra filter membrane with 
a pore diameter smaller than the particle diameter of the colloidal silica is used 
The fractional molecular weight, which is used as a substitute value for a pore 
diameter in the art, of the ultra filter membrane is preferably 3,000-1,000,000, still 
15 more preferably 30,000-500,000, and particularly preferably 100,000-200,000. 

Although there are no specific limitations to the shape of the ultra filter membrane, 
it is preferable to use a cylindrical ultra filter membrane which exhibits a high 
permeation flow rate and exhibits almost no clogging. 

Examples of hydrophilic organic solvent are alcohols such as 
20 methanol, ethanol, isopropyl alcohol, butanol, and ethylene glycol monomethyl 
ether, amides such as dimethylformamide and dimethylacetamide. Of these, 
alcohols are preferable, with methanol being particularly preferable. These 
hydrophilic organic solvents may be used either individually or in combinations of 
two or more. 

25 The hydrophobic colloidal silica is prepared by mixing and 

reacting colloidal silica dispersed in a solvent that contains a hydrophilic organic 
solvent as a major solvent with a hydrophobizing agent. 

(2) Hydrophobizing agent 
30 The hydrophobizing agent used in the present invention 

comprises a hydrolysable silicon compound having at least one alkoxy group in 
the molecule or a hydrolyzate thereof. 

The compounds shown by the formula (1) can be given as 
preferred examples of such a hydrolysable silicon compound. 
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(R 1 0) m (R 2 ) 3 . m Si-(-0-SiMe 2 -) p -(0) q -R 3 (1) 

wherein R 1 represents an alkyl group having 1-4 carbon atoms, R 2 and 
5 R 3 individually represent an aikyi group having 1-12 carbon atoms, Me represents 
a methyl group, m is an integer from 0 to 3, p is an integer from 0 to 50, q is 0 or 1 
and m+q are between 1 and 4. 

Specific examples include trimethylmethoxysilane, tributylmethoxysilane, 
dimethyldimethoxysilane, dibutyldimethoxysilane, methyltrimethoxysilane, 

10 butyltrimethoxysilane, octyltrimethoxysilane, dodecyltrimethoxysilane, 1,1,1- 

trimethoxy-2,2,2-trimethyl-disilane, hexamethyl-1,3-disiloxane, 1,1,1-trimethoxy- 
3,3,3-trimethyl-1 ,3-disiloxane, a-trimethylsilyl-w-dimethylmethoxysilyl- 
polydimethylsiloxane and a-trimethylsilyl-w-trimethoxysilyl- 
polydimethylsiloxanehexamethyl-1,3-disilazane. Of these compounds, silicon 

15 compounds containing one alkyl group in the molecule, for example 
trimethylmethoxysilane, tributylmethoxysilane, and a-trimethylsilyl-u)- 
dimethylmethoxysilyl-polydimethylsiloxane are preferable. 
Most preferable are silicon compounds of which the boiling point at ordinary 
pressure is 150°C or less, for example trimethylmethoxysilane. 

20 The hydrophobizing agent used in the present invention may also be a 
hydrolyzate of the above hydrolysable silicon compound. 
The reaction between the hydrophobizing agent and the colloidal silica preferably 
is carried out by mixing the hydrophobizing agent in an amount of 0.1-100 parts by 
weight, and preferably 1-10 parts by weight for 100 parts by weight of the silica 

25 included in the colloidal silica, and allowing the hydrophobizing agent to react at a 
temperature of 20°C or more and equal to or lower than the boiling point of the 
hydrophilic organic solvent, preferably at 20-60°C for 0.5-24 hours 
The reaction mechanism in this step is not fully clarified, but it is assumed as 
follows. It is assumed that the polar silanol groups, present on the surface of the 

30 colloidal silica dispersed in an aqueous dispersant (such as for example water) or 
in a hydrophilic organic solvent (that still contains a small amount of water) 
contribute to the stabilization of the dispersion via hydrogen bonding. The 
hydrophobizing agent used in the present invention forms a chemical bond with 
these silanol groups through a condensation reaction, whereby the surface of the 
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silica is coated with hydrophobic organic groups. As a result, the silanol group 
concentration on the surface of the silica decreases, and the number of 
hydrophobic groups increases. Therefore, silica particles having a hydrophobic 
surface and exhibiting dispersion stability in the hydrophilic organic solvent and in 
5 hydrophobic organic solvents are formed The silanol group concentration on the 
surface of the colloidal silica dispersed in the hydrophilic organic solvent is 
preferably from 2.5 x 1 0" 5 to 5.0 x 1 0" 5 mol/g. Silica dispersions that already 
contain these amounts of silanol groups at the surface may also be used in the 
method of the present invention. A suitable example of a commercial available 
10 product is a methanol silica sol manufactured by Nissan Chemical Industries, Ltd. 
The silanol group concentration on the silica particles obtained by the reaction 
with the hydrophobizing agent in this step is preferably reduced to a concentration 
from 1 .5 x 10" 5 to 2.5 x 10" 5 mol/g by mixing with the hydrophobizing agent. If the 
silanol group concentration exceeds 2.5 x 10 s mol/g, stability in the hydrophobic 
15 organic solvent may decrease. If the concentration is less than 1.5 x 10" 5 mol/g, 
stability in the hydrophilic organic solvent may decrease. 
After reacting the hydrophobic colloidal silica with a hydrophobizing agent, the 
mixture containing the hydrophilic organic solvent, aqueous dispersant and 
reaction components of the hydrophobic colloidal silica dispersion is essentially 
20 replaced by one or more hydrophobic organic solvent(s). Preferably the 

replacement of the hydrophilic organic solvent is carried out by using an ultra filter 
membrane in the same way as described before. The solvent is replaced 
preferably at the boiling point of the hydrophobic organic solvent or lower, and still 
more preferably at 40-80°C. 
25 The final hydrophobic colloidal silica in the hydrophobic organic solvent(s) 

preferably contains 0.1-10 wt% water and preferably 0.1-10 wt% methanol, and 
still more preferably 0.1-5-wt% methanol If the methanol content is less than 0.1 
wt%, viscosity may increase during preparation or storage. If the methanol 
content exceeds 10 wt%, dispersibility and uniformity in a hydrophobic organic 
30 material may decrease. The water content in the hydrophobic colloidal silica 

dispersed in the hydrophobic organic solvent is preferably 5 wt% or less, and still 
more preferably 2 wt% or less. If the water content exceeds 5 wt%, viscosity may 
increase during storage 

Examples of suitable hydrophobic organic solvent(s) are ketones 
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(for example methyl ethyl ketone, methyl isobutyl ketone, and cyclohexanone); 
esters (for example ethyl acetate and butyl acetate); unsaturated acrylic esters 
(for example butyl acrylate, methyl methacrylate, hexamethylene diacrylate, and 
trimethylolpropane triacrylate) aromatic hydrocarbons, (for example toluene and 
5 xylene) and ethers (for example dibutyl ether). Of these solvents, ketones are 
preferable, with methyl ethyl ketone and methyl isobutyl ketone being particularly 
preferable. These hydrophobic organic solvents may be used either individually 
or in combinations of two or more. Moreover, a mixture of the hydrophobic 
organic solvent and the hydrophilic organic solvent can also be used. 

10 The invention also relates to resin compositions that may comprise radiation 

curable components. These radiation curable components may be either radically 
curable or cationically curable components. Examples of radically curable 
components are compounds containing at least one polymerizable unsaturated 
group. Either polyunsaturated organic compounds containing two or more 

15 polymerizable unsaturated groups and/or monounsaturated organic compounds 
containing one polymerizable unsaturated group can be used as the 
polymerizable unsaturated compound. Examples of such components are 
(meth)acrylates and vinylethers. Examples of cationically curable components are 
epoxy compounds. The dispersions may be used in different applications like 

20 (hard)coatings, as adhesives, in molding and in stereolithography. Use of the 

dispersions of the present invention in resin compositions gives many advantages: 
for example better mechanical properties and improved storage stability of the 
resin compositions. 

The colloidal silica may also be modified to contain polymerizable groups in order 
25 to make the dispersion co reactive with the radiation curable components of the 
resin compositions. Examples of ways to modify the silica particles have been 
published in W097/12942, which is incorporated herein by reference. 

Examples 

30 The present invention will be described in more detail by 

examples, which should not be construed as limiting the present invention. In the 
following examples, "parts" and "%" respectively refer to "parts by weight" and 
"wt%" unless otherwise indicated 

In the present invention, "solid content" refers to tne content of 
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components excluding volatile components such as solvents from the dispersion 
liquid, specifically, "solid content" refers to the content of a residue (non-volatile 
components) obtained by drying the dispersion liquid on a hot plate at 175°C for 
one hour. 

5 The average particle diameter used in this application refers to an average particle 
diameter of a sample solution determined by a dynamic light scattering method 
using the analyser: laser particle analyser system PAR-llls manufactured by 
Otsuka Electronics Co., Ltd. Analysis conditions are: light source; He-Ne laser 5 
mW, measurement angle: 90°) 

10 

(1) Preparation of colloidal silica dispersed in a solvent, which 
contains a hydrophilic organic solvent as a major solvent 

Preparation Example 1 illustrates an example of the preparation 
of colloidal silica dispersed in a solvent, which contains a hydrophilic organic 
1 5 solvent as a major solvent. 

Preparation Example 1 

A tank was charged with 30 kg of colloidal silica dispersed in 
water ("Snowtex-O" manufactured by Nissan Chemical Industries, Ltd., solid 

20 content: 20 wt%, pH: 2.7, specific surface area measured by BET method: 226 
m 2 /g, silanol group concentration on silica particles determined by methyl red 
adsorption method: 4.1 x 10" 5 mol/g, metal content in solvent determined by 
atomic absorption method: Na; 4.6 ppm, Ca; 0.013 ppm, K; 0.011 ppm). The 
colloidal silica was concentrated at 50°C at a circulation flow rate of 50 l/minute 

25 and pressure of 1 kg/cm 2 using an ultra filter membrane module (manufactured by 
Tri Tec Corporation) and an ultra filter membrane made of alumina ("Ceramic UF 
Element" manufactured by NGK Insulators, Ltd., specification: 4 mmO, 19 pores, 
length; 1 m, fractional molecular weight = 150,000, membrane area = 0.24 m 2 ) 
After 30 minutes, 10 kg of filtrate was discharged to obtain a residue with a solid 

30 content of 30-wt%. The average permeation flow rate (membrane permeation 
weight per unit area of ultra filter membrane and unit time) before concentration 
was 90 kg/m 2 /hour. After concentration, the average permeation flow rate was 55 
kg/m 2 /hour. The number average particle diameter determined by a dynamic light 
scattering method before and after concentration was 11 nm. 
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After the addition of 14 kg of methanol to the above colloidal 
silica, the mixture was then concentrated at 50°C at a circulation flow rate of 50 
l/minute and pressure of 1 kg/cm 2 using the above ultra filter membrane module 
and ultra filter membrane to discharge 14 kg of filtrate. This step was repeated six 
5 times to prepare 20 kg of colloidal silica dispersed in methanol with a solid content 
of 30 wt%, water content determined by the Karl Fischer method of 1 .5 wt%, and 
number average particle diameter determined by a dynamic light scattering 
method of 1 1 nm. The average permeation flow rate of six times of operation was 
60 kg/m 2 /hour, requiring six hours for the operation to complete. The specific 
10 surface area of the resulting colloidal silica dispersed in methanol measured by 
the BET method was 237 m 2 /g. The silently group concentration on the silica 
particles determined by a methyl red adsorption method was 3.5 x 10 s mol/g. 
(2) Preparation of hydrophobic colloidal silica 

Example 1 illustrates an example of the preparation of 
15 hydrophobic colloidal silica. 

Example 1 

0.6 kg of trimethylmethoxysilane (manufactured by Toray-Dow 
Corning Silicone Co. Ltd.) was added to 20 kg of the colloidal silica dispersed in 

20 methanol prepared in the Preparation Example 1 . The mixture was then stirred at 
60°C for three hours while heating. The number average particle diameter 
determined by a dynamic light scattering method was 11 nm, which was the same 
value as that before stirring. The specific surface area of the resulting hydrophobic 
colloidal silica dispersed in methanol measured by a BET method was 240 m 2 /g. 

25 The silanol group concentration on the silica particles determined by a methyl red 
adsorption method was 2.1 x 10' 5 mol/g. 

After the addition of 14 kg of methyl ethyl ketone (MEK) to the 
above hydrophobic colloidal silica, the mixture was then concentrated at 50°C at a 
circulation flow rate of 50 l/minute and pressure of 1 kg/cm 2 using the above ultra 

30 filter membrane module and ultra filter membrane to discharge 14 kg of filtrate 
This step was repeated five times to prepare 20 kg of hydrophobic colloidal silica 
dispersed in MEK with a solid content of 30 wt%, water content determined by the 
Karl Fischer method of 0.3 wt%, methanol content determined by gas 
chromatography (GC) of 3.2 wt%, and number average particle diameter 
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determined by a dynamic light scattering method of 1 1 nm. The average 
permeation flow rate of five times of operation was 70 kg/m 2 /hour, which required 
4 hours. The specific surface area of the resulting hydrophobic colloidal silica 
dispersed in MEK measured by the BET method was 230 m 2 /g. The silanol group 
5 concentration on the silica particles determined by a methyl red adsorption 

method was 1.8 x 10" 5 mol/g. The metal content in the solvent of the hydrophobic 
colloidal silica dispersed in MEK determined by an atomic absorption method was 
as low as 0.05 ppm of Na and 0.001 ppm of Ca and K, respectively 
(3) Preparation of colloidal silica dispersed in MEK without using hydrophobizing 
10 agent 

Comparative Example 1 illustrates an example of the 
preparation of colloidal silica dispersed in MEK without using a hydrophobizing 
agent. 

15 Comparative Example 1 

14 kg of methyl ethyl ketone (MEK) was added to 20 kg of the 
colloidal silica dispersed in methanol prepared in the Preparation Example 1 
without performing hydrophobization. The mixture was concentrated at 50°C at a 
circulation flow rate of 50 l/minute and pressure of 1 kg/cm 2 using the above ultra 

20 filter membrane module and ultra filter membrane to discharge 14 kg of filtrate. 
This step was repeated five times to prepare 20 kg of colloidal silica dispersed in 
MEK with a solid content of 30 wt%, water content determined by the Karl Fischer 
method of 0.3 wt%, methanol content determined by gas chromatography (GC) of 
3.2 wt%, and number average particle diameter determined by a dynamic light 

25 scattering method of 22 nm. The specific surface area of the resulting colloidal 
silica dispersed in MEK measured by the BET method was 230 m 2 /g The silanol 
group concentration on the silica particles determined by a methyl red adsorption 
method was 3.5 x 10' 5 mol/g. 

(4) Preparation of colloidal silica dispersed in MEK by distillation 

30 Comparative Example 2 illustrates an example of the 

preparation of colloidal silica dispersed in MEK by distillation. 
Comparative Example 2 

The concentration of water and methanol in the Preparation 
Example 1 was performed by distillation instead of using an ultrafilter membrane. 
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Specifically, colloidal silica dispersed in water with a solid content of 20% was 
concentrated to a solid content of 30% by distillation at atmospheric pressure. 
The solvent was then replaced by distillation while controlling the amount of 
methanol added to be the same as the amount of distillate. The amount of 
5 methanol required until the water content in the colloidal silica was 1 5% as in the 
Example 1 was 300 kg. This was a rather large amount in comparison with the 
case of using the ultra filter membrane, which required 84 kg. Adherence of a 
large amount of aggregate of silica sol was observed on the inner wall of a 
distillation container. After the addition of 6 kg of trimethylmethoxysilane to 20 kg 

10 of the resulting colloidal silica dispersed in methanol, the mixture was 

hydrophobized while stirring at 60°C for 3 hours. The solvent was replaced by 
distillation while controlling the amount of methanol added to be the same as the 
amount of distillate. The temperature inside the container when the methanol 
content in the colloidal silica was 3.2% as in the Example 1 was 76°C and the 

15 amount of MEK added was 33 kg. Water content determined by the Karl Fischer 
method was approximately the same as that in the Example 1. Adherence of a 
large amount of aggregate of silica sol was observed on the inner wall of the 
distillation container. The resulting solution of the hydrophobic colloidal silica 
dispersed in MEK was treated using the above ultra filter membrane as in 

20 Example 1. The metal content in the permeation liquid determined by an atomic 
absorption method was approximately the same as that in the raw material 
colloidal silica dispersed in water. 
(5) Evaluation of product characteristics 

A solution in which 60 g of tricyclodecanedimethanol diacrylate 

25 which is a hydrophobic organic compound (hereinafter may be referred to as 
"hydrophobic acrylate") was added to 133 g (solid content: 40 g) of the resulting 
hydrophobic colloidal silica dispersed in MEK was prepared. As a comparative 
solution, a solution in which 60 g of tricyclodecanedimethanol diacrylate 
(hydrophobic acrylate) was added to 133 g (solid content: 40 g) of colloidal silica 

30 dispersed in methanol provided with no hydrophobization was prepared. The 
solutions were concentrated at40°C and 100 mmHg under reduced pressure 
using a rotary evaporator until the flowability of the solution disappeared or the 
solvent was completely removed. Dispersion stability was evaluated by wt% of 
the hydrophobic acrylate in the dispersion medium, flowability by naked eye 
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observation (solution which flowed when tilted was evaluated as "Good", solution 
which did not flow was evaluated as "Bad"), viscosity at 25°C (measured by using 
a rotational viscometer B8H manufactured by TOKIMEC Co., Ltd., revolution per 
minute; 50, rotor; HHM3), and transparency by naked eye observation. 
5 The resulting hydrophobic colloidal silica dispersed in MEK was 

allowed to stand in an airtight container at 50°C for one month. Long-term storage 
stability was evaluated by the presence or absence of coloration and precipitation 
of particles by naked eye observation, the presence or absence of the increase in 
the particle diameter by a dynamic light scattering method, and the presence or 
10 absence of the increase in the viscosity. 

The preparation steps in Example 1 and Comparative Examples 
1 and 2, and the results of evaluation of product characteristics are shown in 
Table 1. 
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As is clear from Table 1 , the dispersion liquid using the 
hydrophobic colloidal silica dispersed in MEK obtained in Example 1 and 
Comparative Example 2 exhibited good dispersibility in a hydrophobic organic 
medium. 

5 On the contrary, the dispersion liquid using the colloidal silica 

dispersed in MEK obtained in Comparative Example 1 that was not 
hydrophobized exhibited inferior dispersibility. 

The hydrophobic colloidal silica dispersed in MEK obtained in 
Example 1 exhibited good long-term storage stability. 
10 On the contrary, the dispersion liquid using the colloidal silica 

dispersed in MEK obtained in Comparative Examples 1 and 2 exhibited inferior 
long-term storage stability. 

As described above, according to the present invention, a 
method of manufacturing colloidal silica which exhibits good dispersibility in an 
15 organic solvent, an organic resin, a paint containing an organic solvent or resin, or 
the like, is stable for a long period of time in a medium containing a hydrophobic 
organic solvent as a major component, and has a low metal impurity content 
under mild conditions can be provided. 
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CL AIMS 

1. A method for manufacturing hydrophobic colloidal silica comprising the 
5 following steps: 

(a) taking a colloidal silica dispersed in an aqueous dispersant 

(b) replacing a substantial amount of the aqueous dispersant with one or 
more hydrophilic organic solvent(s) 

(c) preparing hydrophobic colloidal silica by reacting the colloidal silica 
10 with an hydrophobizing agent 

(d) replacing the liquid phase of the dispersion comprising the organic 
hydrophilic solvent with one or more hydrophobic organic solvent(s) to 
obtain hydrophobic colloidal silica dispersed in a hydrophobic organic 
solvent. 

15 2 The method according to claim 1, wherein 90-99.9 % of the aqueous 

dispersant is replaced by the hydrophilic organic solvent(s). 

3. The method for manufacturing hydrophobic colloidal silica according to 
claim 1 or 2, wherein the hydrophobizing agent comprises a hydroiyzable 
silicon compound having at least one alkoxy group in the molecule or a 

20 hydrolyzate thereof. 

4. The method according to any one of claims 1 to 3, wherein the 
hydrophobizing agent comprises a hydroiyzable silicon compound 
represented by the following formula (1): 

25 (R 1 0) m (R 2 ) 3 _ m Si-(-0-SiMe 2 -) p -(0) q -R 3 (1) 

wherein R 1 represents an alkyl group having 1-4 carbon atoms, R 2 and 
R 3 individually represent an alkyl group having 1-12 carbon atoms, Me 
represents a methyl group, m is an integer from 0 to 3, p is an integer 
30 from 0 to 50, q is 0 or 1 and m+q is between 1 and 4. 

5. The method according to any one of claims 1 to 4, wherein the 
hydroiyzable silicon compound is trimethylmethoxysilane 
tributylmethoxysilane, or a-trimethylsilyl-w-dimethylmethoxysilyl- 
polydimethylsiloxane. 

35 6. The method according to any one of claims 1-5, wherein the hydrophilic 
organic solvent of the colloidal silica is an alcohol 
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7. The method according to anyone of claims 1-6, wherein the hydrophilic 
organic solvent is methanol. 

8 The method according to any one of claims 1 to 7, wherein the 
hydrophobic organic solvent contains at least one solvent selected from 

5 the following groups: ketones, esters, ethers or aromatic hydrocarbons. 

9 The method according to anyone of claims 1-8, wherein the hydrophobic 
organic solvent is methyl ethyl ketone and/or methyl isobutyl ketone. 

10. The method according to any one of claims 1-9, wherein the amount of 
hydrophilic organic solvent(s) after step (d) is between 0.1 - 10.0 wt.%. 
10 11. The method according to any one of claims 1 to 10, wherein the solvent 
replacement under steps b. and d. is achieved using an ultrafilter 
membrane. 

12 Hydrophobic colloidal silica dispersed in a hydrophobic solvent obtain able 
according to anyone of the method claims 1-11. 
15 13 Use of the hydrophobic colloidal silica as obtainable according to the 
methods of any of claims 1-11 in resin compositions 
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(57) Abstract 

A coating composition comprising: a resin (A) prepared by copolymerizing 10 to 90 wt.% of (meth)acrylatc 
(a) of Ci-Cu alkyl alcohol with 10 to 50 wt.% of a hydroxylated monomer (b) having a polymerizable double bond 
and 0.1 to 10 wt.% of a carboxylated monomer (c) having a polymerizable double bond as the essential components 
and having a glass transition temperature of SO to 120 °C. a number-average molecular weight of 2.000 to 100,000. 
a hydroxyl number of 50 to ISO mgKOH/g and an acid value of I to 25 mgKOH/g, at least one compound (B) 
selected from among polyisocyanate compounds each having at least two (blocked) isocyanate groups in the molecule 
and aminoplast resins, and a dispersion (C) of at least one inorganic oxide sol selected from among aluminum oxide 
sol, silicon oxide sol, zirconium oxide sol and antimony oxide sol. wherein the amount of the non-volatile matter 
of the component (C) is 5 to 60 wt.% based on the total weight of the non-volatile matters of the components (A. 
B and C); and a process for preparing the coating composition which comprises preparing the resin (A), adding the 
dispersion (C) of an inorganic oxide sol to the reaction mixture after the completion of the copolymerization to form 
an organic- inorganic complex, and mixing the organic-inorganic complex with the compound (B). The above coating 
composition not only can give a coating film being excellent in weathering (light) resistance, stain resistance and stain 
removing properties and having excellent appearance, water resistance and chemical resistance but also is excellent in 
environment conservation and safeness. 



